The use of cocaine during adolescent development could alter the normal growth of brain regions affected by cocaine, specifically the reward system, and impact the adult mesolimbic system. However, there is scant literature aimed at determining whether animals are more vulnerable to the adverse effects of drugs during adolescence. The present study investigated whether cocaine pretreatment in either adolescence or adulthood altered the dopaminergic response to a naturally reinforcing substance in adulthood. To evaluate the responsivity of the mesolimbic system after repeated cocaine, sucrose was offered during the dialysis procedure and dialysates were collected. Regardless of age all saline pretreated rats had significant increases in sucrose-induced extracellular dopamine (DA) levels in the nucleus accumbens septi (NAcc) as compared to baseline levels. Rats pretreated with cocaine as adults also had significant increases in DA levels after sucrose. Interestingly, sucrose intake significantly enhanced DA levels in cocaine pretreated adolescent rats as compared to all other conditions. The results from the present study show that in rats pretreated with cocaine during adolescence there is an enhanced response of the dopaminergic system in animals exposed to a naturally reinforcing substance. Therefore, cocaine exposure during adolescence results in long-term functional changes in the mesolimbic pathway. Future studies need to ascertain the underlying mechanisms and their potential role in cocaine addiction.
Introduction
Very little is known about how repeated exposure to drugs of abuse during adolescence alters normal brain development. Given that drug use frequently occurs during adolescence it is important to understand the long-term effects of cocaine use (and other drugs of abuse) during the adolescent period given that drug use during adolescence may compromise the circuitry primed for addiction. The present study investigated whether cocaine pretreatment in adolescent and adult rats produced differences in basal tone as well as in the response of the dopaminergic system to a naturally reinforcing substance.
Cocaine is a psychostimulant which acts by blocking the reuptake of dopamine (DA), norepinephrine (NE), and serotonin (5-HT) in the mesolimbic pathway and elsewhere [45] . Research on the neurobiological mechanisms of drugs of abuse has shown that the mesolimbic pathway (reward system) is activated by cocaine and other drugs of abuse. The mesolimbic system consists of dopaminergic (DAergic) inputs from the ventral tegmental area (VTA) that project to several brain regions including the nucleus accumbens septi (NAcc), hippocampus, prefrontal cortex (PFC), amygdala, septum, olfactory bulb and the bed nucleus of the stria terminalis [18] .
Natural reinforcers such as food, water, and the opportunity to mate increase activity of the mesolimbic pathway, and these effects are mediated in part by DA in the NAcc [21, 22, 43, 46, 67] . DA is also released into the NAcc when a male rat is presented with a receptive female, and remains elevated throughout the display of sexual behavior [7, 19, 53, 54, 75] . Microdialysis studies have shown that natural reinforcers like sucrose [29] and water [27] increase DA in the shell region of the NAcc. Furthermore, licking sucrose solutions increases DA in NAcc in a concentration dependent manner and this sucrose-induced increase in DA is greater than observed with water [29] . Laboratory animals can be trained to self-administer drugs of abuse and natural reinforcers, all of which increase activity in the mesolimbic pathway. Moreover, animals trained to lever-press for electrical stimulation directly to the NAcc or for natural reinforcers such as food or water rapidly extinguish responding when a DA antagonist (spiroperidol) is administered [64] .
The administration of cocaine (and other psychostimulants) produces an increase in locomotor activity and stereotyped behavior, behaviors that are thought to be mediated by the mesolimbic and nigrostriatal DA pathways [23] . Repeated exposure to cocaine results in an enhanced behavioral response to a subsequent drug challenge [31] . This effect, termed behavioral sensitization has been implicated in the process of addiction and drug craving [63, 71] and in the transition from casual drug use to addiction [63] . It is thought that the long lasting nature of behavioral sensitization could be attributed to the persistent enhanced responsiveness of neural inputs to NAcc, such as DAergic neurons from the VTA and glutamatergic (Glu) neurons from the PFC and basolateral amygdala [57, 74, 76] .
Animals sensitized to a particular drug show increases in locomotor activity after the administration of a different drug of the same class. This phenomenon, cross-sensitization, has been shown with many drugs of abuse and more recently with natural reinforcers [4, 5, 26, 32, 58, 65] . Animals on a high sugar diet show greater behavioral sensitization when administered amphetamine (AMPH) [4] and cocaine [25] than animals on a control diet (i.e., typical rat chow). Furthermore, animals who show behavioral sensitization to AMPH exhibit sugarinduced hyperactivity (AMPH-sugar cross-sensitization) [5] .
To date, most studies investigating the effects of psychostimulants on the mesolimbic system have been undertaken using adult rats. However, the initiation of drug use occurs most frequently during adolescence, a time period in which brain maturation and development are substantial (for review see [69] ). In humans, adolescence is a period of transition that ranges from childhood to adulthood. In rats, adolescence is thought to be encompassed by the time period from approximately postnatal days (PND) 28 to PND 42 [70] . However, some features of adolescence could emerge as early as PND 20 in female rats and may last as late as PND 55 in males [49, 50] .
During the adolescent period neuronal circuits continue to change and develop. One important characteristic of the adolescent brain is the extensive overproduction and subsequent pruning of synapses [30, 59] . This overproduction and pruning includes cholinergic, DAergic, serotonergic, GABAergic and adrenergic neurons and receptors [38, 37] . Additionally, the ontogenetic profile of DA receptor expression has been characterized in the rat striatum. There is a constant increase in DA receptor densities throughout development which peak at about PND 28-30 [47, 48, 60, 78] . Further evidence shows that striatal DA receptors are overexpressed before the onset of puberty, peak at around PND 40 and then decrease to adult levels [3, 73] .
It has been found that DA transporter (DAT) expression is highest during adolescence in human striatum [44] . However, animal studies revealed that DAT expression in NAcc and striatum increases with age peaking around PND 60 [17, 72] . It is clear that significant developmental changes occur during the adolescent period, however, it is presently unknown how drugs of abuse, specially cocaine, a DAT inhibitor, alter this neurodevelopment.
Investigating both the short and long-term effects of adolescent drug use is an issue of utmost importance because the use of cocaine during adolescence may alter subsequent functioning of the mesolimbic pathway. Therefore, the present study investigated whether cocaine pretreatment during adolescence or adulthood in rats produced differences in basal tone and subsequent responsivity of the DAergic system to a natural reinforcer (i.e., sucrose) in adulthood. The purpose of the study was to determine whether rats pretreated with cocaine as adolescents were more or less responsive to a natural reinforcer as a result of the lasting effects of cocaine administration on the developing brain.
Materials and methods

Subjects
Subjects consisted of thirty-two male Sprague-Dawley rats derived from established breeding pairs in the laboratory at the University of South Florida (Tampa, FL). Date of birth was designated as postnatal day (PND) 0. Litters contained 8-10 pups after culling. No more that one pup per litter was placed in a given treatment condition. The pups remained with their dam and littermates until weaning. Animals were weaned on PND 21 and housed with their same sex littermates with free access to food and water and maintained in a temperature and humidity controlled room on a 12-h light/dark cycle with lights on at 7:00 A.M. All rats were housed in similar housing conditions with two rats per cage. Animals were pretreated at one of two ages: adolescent (PND [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] or adult (PND 70-79) then tested as adults (PND 65 and PND 100). All National Institutes for Health (NIH) guidelines for the Care and Use of Laboratory Animals were followed (National Institutes of Health, 1986).
Procedure
Animals were handled for 3 days prior to pretreatment for 5 min per day. Drug pretreatment consisted of the administration of 20.0 mg/kg cocaine (a dose of cocaine (20.0 mg/kg) which enhances locomotor activity in PND 35 rats compared to adults [15] ) or saline (i.p.) once daily for a period of 10 days from PND 35-44 and PND 70-79. On PND 58 or 93, a guide cannula was surgically implanted and all animals were allowed 1 week to recover before in vivo microdialysis on either PND 65 or PND 100. In order to train the rats to drink during the microdialysis procedure, 4 days before microdialysis, rats were put on a limited access water schedule described as follows. At 1000 h the rats were transported to the laboratory, and placed in the Raturn apparatus (Bioanalytical Systems, West Lafayette, Indiana) where they were able to access water for a period of 20 min. All Raturn bowls had a cotton ball attached to the top, immediately before the liquid presentation, 0.5 ml of a banana odorant was placed on the cotton ball that was taped to the top of the Raturn bowl. The banana odorant was used to prime drinking when the bottle was presented. After conditioning to drink in the apparatus, rats were placed back in their home cage and returned to the colony room. Animals had no access to water in the home cage. In vivo microdialysis was performed 21 days after the last injection a time point at which all animals were adults (PND 65 or 100).
Behavior
Locomotor activity was recorded on days 1, 5 and 10 of the pretreatment period. On these days rats were injected and placed in the locomotor activity apparatus for a total of 45 min. After a 15-min habituation period, subjects received a single i.p. injection of 20.0 mg/kg cocaine or saline and behavior recorded for 30 min post-injection. On all other days rats were injected in their home cages and then returned to the colony room. Both total distance moved (TDM) (cm) and stereotypy were recorded during the testing sessions. The stereotypy rating scale for the behavioral effects of psychomotor stimulants in rats used was as follows; 1. Asleep, 2. Inactive, 3. Inplace activities (grooming), 4. Normal, alert, active, 5. Hyperactive, 6. Slow patterned, 7. Fast patterned, 8. Restricted, 9. Dyskinetic-reactive [20] .
Apparatus
The locomotor activity apparatus consisted of a circular table with a black Plexiglas surface on which a white Plexiglas circular barrier (diameter=101 cm, height=45.72 cm) was placed. A camera connected to analysis software located above the apparatus recorded locomotor activity. The apparatus was located in a dimly lit room away from the animal colony and the door remained closed during all testing sessions. Activity was recorded and analyzed using Ethovision Video Tracking System created by Noldus. This software tracked and recorded the TDM of each animal during the testing session.
For the conditioning phase and microdialysis procedure, animals were placed in a Raturn System (see above). The Raturn System consists of a large plastic round bottom bowl (14″ × 16″). For the conditioning phase a cotton ball with banana odor was attached to the top of the Raturn system. For the microdialysis procedure, the animal was placed inside the apparatus the night before microdialysis, and the microdialysis probe was inserted. Rats were then able to habituate to the environment overnight with ad libitum access to food.
Surgical procedures and in vivo microdialysis
Animals were anesthetized on either PND 58 or 93 using a ketamine/xylazine cocktail (1.0 and 0.15 mg/kg/ip). An incision was made over the skull and the rat was mounted on a stereotaxic instrument for surgery. Four holes were drilled in the skull (three for skull screws and one for the guide cannula). A 10 mm long 21-gauge stainless-steel guide cannula (Plastics One) was inserted aimed above the NAcc shell (Anterior/Posterior: +1.2 mm, Lateral: 0.8 mm, and Ventral: 2.6 mm relative to bregma and the surface of the level skull) and affixed to the skull with cranioplast. Animals were returned to their homecage and singly housed for a 1 week recovery period. The day before dialysis, the microdialysis probe was inserted through the guide cannula. Microdiaysis probes were lab-made with cellulose hollow fiber (MW 13,000) attached to stainless steel tubing (Plastics One) with a 45 cm length fused silica capillary (internal diameter [I.D.] 76 μm; outside diameter [O.D.] 150 μm) inserted into the cellulose tube. The probe body protruded 3.4 mm from the base of the guide cannula shaft and the effective length (membrane) of the dialysis piece was 2 mm so that the probe reached the NAcc shell. Rats were then placed in a BAS Raturn system bowl overnight for habituation. Inlet tubing was attached to a 2.5 ml Hamilton syringe mounted on a WPI syringe pump (sp3201w) set to a flow rate of 0.1 μl/min overnight. In vivo microdialysis probes with 2 mm membrane tips (O.D. 512; MW cutoff 13 kDA) were perfused continuously with artificial cerebrospinal fluid (136 mM NaCl, 3.7 mM KCl, 1.2 mM CaCl 2 , 1.0 mM MgCl 2 , 10.0 mM NaHCO 3 at pH=7.4) for 12 h prior to the start of sampling. On either PND 65 or 100, dialysates were collected at a flow rate of 1.0 μl/min in 10-min intervals from the probe outlet silica into tubes containing 2.0 μl of 0.1 M hydrochloric acid (HCl) and immediately frozen. Following 4 baseline samples, animals were allowed access to either water or 0.3 M sucrose solution and sampling continued for an additional 120 min. The concentration of sucrose (0.3 M) was selected based on prior evidence showing this concentration results in the highest levels of DA release in the NAcc [39] . Dialysate samples (12 μl) were stored at −80° C until analyzed.
Neurochemical analysis
Analysis of dialysate samples was performed with a reverse phase high performance liquid chromatography system (BAS) coupled to an electrochemical detector (HPLC-EC) set to oxidize catecholamines (650 mV). An amperometric detector with a LC-4C carbon working electrode referenced to a Ag/ AgCl electrode was used. Neurochemical analyses included the detection of DA. The mobile phase consisted of 0.04 M sodium acetate, 0.01 M citric acid, 0.05 mM sodium octyl sulfate, 20.911 M disodium EDTA, 0.013 M NaCl and 10% v/v methanol (pH=4.5) set at a flow rate of 50 μl/min. Samples (6 μl) were injected onto a C-18 microbore column for peak separation. Data were recorded and quantified by Rainin Dynamax Software on a Power Macintosh 8500/120.
Histology
Following probe removal, rats were euthanized via CO 2 inhalation. Brains were removed and frozen in 2-methylbutane (−40 °C) and stored at −80 °C. Brains were sliced into 40 μm sections, thaw mounted on slides and stained with cresyl violet. Probe placements were verified histologically for placement in the NAcc shell.
Design and analysis
DA levels were obtained by collecting dialysates for a time period of 160 min. Baseline (BL) samples were collected during the first 40 min of microdialysis. The subsequent samples (2 h) were all taken after the presentation of the natural reinforcer.
Six separate analyses were performed with total distance moved (TDM), stereotypy, BL DA, DA % change from BL, body weight and liquid consumption as dependant measures. Locomotor activity was measured using TDM and stereotypy as dependent measures. Both TDM and stereotypy were analyzed using a 2 (Age of exposure: Adolescent, Adult) X 2 (Drug: saline, cocaine) X 3 (Day: 1, 5, 10) mixed model ANOVA with time as the repeated measure. BL DA levels were analyzed with a 2 (Age of exposure: PND 35, 60) X 2 (Drug: saline, cocaine) ANOVA. Liquid consumption (ml) was analyzed with a 2 (Age: Adolescent, Adult) X 2 (Drug: saline, cocaine) X 2 (Natural reinforcer: water, sucrose) ANOVA. DA % change from baseline was analyzed using a 2 (Age of exposure: Adolescent, Adult) X 2 (Drug: saline, cocaine) X 2 (Natural reinforcer: water, 0.3 M sucrose) X 16 (Time: 0-160 min) mixed model ANOVA with time as a repeated measure. Body weight (g) was measured each day during limited access water and analyzed using a 2 (Age of exposure: Adolescent, Adult) X 2 (Drug: saline, cocaine) X 4 (Day: 1-4) mixed model ANOVAwith time as a repeated measure. Subsequent analyses were performed to isolate simple effects with appropriate post-hoc analyses. A 5% level of significance was set. F(2,56)=14.3, p<0 .05]. Rats injected with cocaine significantly increased stereotypic behaviors from day 1 to day 5 to day 10. Cocaineinduced locomotor activity progresses from hyperactivity, where rats show very high TDM to restricted stereotypic behaviors where the rat will remain in place (thus have low TDM scores) and engage in repetitive movements such as gnawing, chewing or licking. Overall, these data show that as a result of repeated cocaine administration there is an increase in repetitive stereotypic movements which may compete with the expression of locomotor activity resulting in less TDM. No differences in TDM or stereotypic behaviors were observed across time in saline injected rats.
Results
Locomotor activity and stereotypy
Baseline DA levels
A 2 (Age of exposure: Adolescent, Adult) X 2 (Drug: saline, cocaine) ANOVA on baseline DA levels revealed a significant Age by Drug interaction [F(1,28)=4.4, p <0.05]. Subsequent analysis using the Fisher's LSD test showed that rats pretreated with cocaine during adulthood had significantly lower baseline DA levels than adult saline controls and adolescent cocaine exposed rats (see Fig. 2 ). In contrast, no differences in baseline DA levels were detected between rats pretreated with saline or cocaine during adolescence (p>0.05). Fig. 3 shows the time course of DA release (nM) in response to water and 0.3 M sucrose solution. Raw data were normalized and analyzed as percent changed from baseline.
DA percent change from baseline
A 2 (Age: PND 35, 60) X 2 (Drug: saline, cocaine) X 2 (Natural reinforcer: water, 0.3 M sucrose) X 16 (Time: 0-160 min) mixed model ANOVAwith time as a repeated measure revealed a significant interaction between Age and Natural reinforcer [F(1,24)=4.8, p <0.05] with adolescent pretreated rats having significantly higher DA levels in response to sucrose (Mean=150%) than all other groups. In addition, there was a significant interaction of Age, Drug, Natural reinforcer and Time [F(15,360)=1.8, p<0.05]. Dunnett's test revealed that 10 min after access to water or sucrose there was a significant increase in DA from baseline in all rats pretreated as adolescents or adults with saline or cocaine ( p <0.05; see Fig. 4 ). Interestingly, rats pretreated with cocaine as adolescents had significantly higher DA increases as a result of drinking sucrose compared to all other groups (p<0.05).
Liquid consumption
A 2 (Age of exposure: Adolescent, Adult) X 2 (Drug: saline, cocaine) X 2 (Natural reinforcer: water, sucrose) ANOVA on liquid consumption (ml) revealed a significant main effect of natural reinforcer [F(1,24)=145.9, p<0.05]. The Fisher's LSD test showed that independent of age or drug, rats consumed significantly more water (Mean=12.1 ml) than sucrose solution (Mean=3.6 ml) (p<0.05). As shown in Fig. 5 , there were no differences in the amount of water, or sucrose consumed based on drug pretreatment or age of pretreatment.
Body weight
A 2 (Age of exposure: Adolescent, Adult) X 2 (Drug: saline, cocaine) X 4 (Day: 1-4) mixed model ANOVA with time as a repeated measure revealed a significant main effect of Age [F (1,28) = 191.4, p <0.05] with the adult pretreated rats weighing significantly more (Mean=387.1 g) than the adolescent pretreated rats (Mean=294 g) (p<0.05). In addition, a main effect of day was present with body weight decreasing from day 1 (Mean=346.1 g) to day 4 (Mean=337.9 g) (2.4%) (p<0.05). There was a significant interaction between Day, Age and Drug [F(3,84)=4.5, p<0.05]. The Dunnett's test revealed that cocaine pretreated adults weighed significantly more than saline pretreated adults by day 4 (p<0.05) (see Fig. 6 ).
Discussion
The neuroplasticity involved in response to the administration of drugs of abuse has been a major issue for decades. One critical point that we are now confronting is that these studies have primarily been conducted in adult animals without examining the long-term effects that drugs of abuse impose on adolescent neural development. The present study shows that cocaine administration during adolescence alters the response of the reward system to a naturally reinforcing stimulus when exposed animals were tested as adults.
The present study also found that repeated cocaine produced an increase in stereotyped behavior and a decrease in TDM across days an effect that occurred in both adolescent and adult rats. The increase in repetitive stereotypic movements appears to compete with the expression of locomotor activity resulting in less TDM. Therefore we conclude that the administration of 20.0 mg/kg of cocaine for 10 days was effective in inducing behavioral sensitization as indexed in terms of increased stereotypy at both ages.
Basal DA levels in the shell region of the NAcc are affected differentially as a function of age by repeated cocaine use. Specifically, rats pretreated with cocaine as adults had lower baseline DA levels than saline pretreated rats. Basal DA levels (nM concentrations) reported here are consistent with others [6, 52, 55] however, some report lower levels such as pM [68, 77] and fM [13, 24, 35] concentrations. The decreases observed in basal DA after cocaine administration and withdrawal in the present study are consistent with other studies in the adult literature [39, 51, 66] . It has been postulated that a decrease in tyrosine hydroxylase levels within the NAcc leads to decreased basal DA levels, and this results in a postsynaptic down-regulation of the DAergic system [39, 51, 66] . It is interesting that rats pretreated during adolescence with the same dose of cocaine for the same length of time did not have a reduction in basal DA levels. These results suggest that the administration of cocaine differentially produces longterm changes in DA transmission in adolescent and adult rats.
In all conditions there was a significant increase in DA in the NAcc after drinking sucrose solution. These results are consistent with other studies which have shown that sweet solutions (sucrose or saccharine) increase DA the NAcc in a dose dependent manner from 50% up to 300% baseline [8, 28, 29, 42] . The increase in DA as a result of ingesting a sweet solution has been shown to be reduced by conditioned taste aversion to LiCl demonstrating that the release of DA is related to stimulus reward rather than a function of arousal [42] . Therefore, the finding that DA levels increased in response to both water and sucrose in saline pretreated rats was anticipated. Based on previous findings that adult animals on a high sugar diet showed greater behavioral sensitization when administered AMPH [4] and cocaine [25] than animals on a control diet, it was expected that the cocaine pretreated adults in the present study would show a cross-sensitized response. Moreover, it was expected that they would have higher DA levels in response to sucrose than saline pretreated rats, however, this was not the case. DA levels did significantly increase in response to sucrose in the cocaine pretreated adults but this increase was not different from saline pretreated adults, thus there was no enhanced sensitivity of the DAergic system to sucrose.
Interestingly, sucrose intake significantly enhanced DA levels in cocaine pretreated adolescent rats above all other conditions. Other studies have also found that the effects of cocaine during adolescence are long lasting. For example, Brandon and colleagues administered 15.0 mg/kg of cocaine for 5 days and found that adolescent rats pretreated with cocaine showed persistent behavioral sensitization two months after cocaine cessation [11] . In addition, the administration of a high dose of methylphenidate during adolescence, which, like cocaine blocks DATs [34] , caused cross-sensitization with cocaine [11] . Adolescent exposure to methylphenidate alters DAergic neurons in the VTA, an effect that is dependent on the length of withdrawal. In early withdrawal from methylphenidate, there was an increase in the excitability of VTA neurons, whereas in late withdrawal when the rats were young adults there was a decrease in DAergic activity [12] . These data suggest that cocaine use or a non-clinical high dose of methylphenidate during adolescence have long lasting effects on the reward system. Furthermore, the present findings demonstrate that this long lasting sensitivity of the mesolimbic system after cocaine use during adolescence extends to palatable substances.
Another possibility for the increase in DA in the adolescent rats pretreated with cocaine could be due to the novelty of the sucrose itself since exposure to novelty increases DA in the NAcc shell [61, 62] . The fact that adolescent brains are still undergoing development which likely involves the responsiveness of the DAergic system to cocaine could contribute to the enhanced DA levels observed in the present study.
Adolescent neural development is characterized by the extensive overproduction and subsequent pruning of synapses [30, 59] . Striatal DA receptor densities peak at PND 40 then decrease to adult levels [3, 73] . DAT expression in NAcc and striatum increases with age, peaking at PND 60 [17, 72] . Due to increasing numbers of DATs during adolescence, higher reuptake decreases basal DA in the striatum [2] and the NAcc [56] and upregulates cyclic-AMP signaling [1] . The profile of the adolescent mesolimbic system, with lower basal DA levels, increased DA receptors and cAMP levels, could be over-stimulated in the presence of cocaine. Persistent postsynaptic stimulation hyperpolarizes GABAergic neurons and allows for more release of DA into the extracellular space which could in part explain cocaine-induced hyperactivity observed in adolescent rats [15, 40, 41] . During adolescence glutamatergic projections from PFC to VTA and limbic areas develop (for review see [36] ). It is plausible that repeated cocaine during adolescence overstimulates the mesolimbic system causing more synaptic connections of glutamatergic afferents to the VTA. This might explain why there is a stronger response to sucrose in the adolescents pretreated with cocaine. Future studies should examine the dose response relationship of repeated cocaine during adolescence and examine the responsivity of the DAergic system to various natural reinforcers, novel stimuli and drugs of abuse in adulthood. Repeated cocaine during adolescence could result in a circuitry primed for vulnerability to addiction.
The DA response exhibited by cocaine pretreated adults may be explained by the theory of neural sensitization. Repeated cocaine results in plastic changes including reduction of D2-R on Gabaergic efferents [10] and arborizitations of the PFC afferents [14] . During cocaine abstinence a downregulation of activity in the mesolimbic system occurs, resulting in lower basal DA, as is seen in the adult cocaine pretreated condition in the present study. When the system is artificially stimulated by cocaine, DA levels in the NAcc are elevated due to less inhibitory feedback on the VTA from a reduction in D2-R on Gabaergic neurons and the amplification and activation of silent synapses of PFC inputs to VTA, causing sustained stimulation of DA in the NAcc. This is not the case with sucrose as the effects of sucrose on the reward system are more subtle and activate the mesolimbic system indirectly. The activation of the mesolimbic DA system in response to naturally rewarding stimuli provides incentive salience information to the neural correlates of reward-related stimuli and drives wanting or craving [9, 33] .
Neuronal development is an important factor to consider when investigating the long-term effects of drug abuse. Brain circuits involved with emotion, judgment, and inhibitory control develop during the adolescent period which could increase the risk for substance abuse during development [16] . It is well known that drugs of abuse alter neurotransmitter systems and that the development and fine tuning of these systems occur during adolescence. The results from the present study show that in rats pretreated with cocaine during adolescence there is an enhanced response of the DAergic system to a naturally reinforcing substance therefore; cocaine exposure during adolescence results in long-term functional changes in the mesolimbic pathway. Future studies need to ascertain the underlying mechanisms and their role in the process of addiction. Illustrates the locomotor activity of rats during the pretreatment period. Rats received 20.0 mg/ kg of cocaine or saline for 10 days from ages PND 35-44 or PND 70-79. Locomotor activity was recorded on day 1, day 5 and day 10. A) Shows that the total distance moved (cm) in cocaine treated rats was significantly higher on day 1 than on days 5 and 10. B) Average stereotypy scores from rats injected with cocaine significantly increased from day 1 to day 5 to day 10, showing that repeated cocaine enhanced the behavioral response. * indicates significant difference from cocaine pretreated rats on day 1. Illustrates baseline DA (nM) levels after drug pretreatment during either adolescence (PND [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] or adulthood (PND 70-79) with either saline or 20.0 mg/ kg of cocaine. Rats pretreated with cocaine during adulthood had significantly lower baseline DA levels than saline controls. In addition, cocaine pretreated adults had significantly lower baseline DA levels than rats pretreated with cocaine during adolescence. Interestingly adolescent rats treated with cocaine or saline were not significantly different. Note: 8 rats were used in each condition. * indicates significant difference from adult saline and adolescent cocaine pretreated rats. Shows DA levels in response to a natural reinforcer presented by percent change from baseline (y-axis). Figure insert describes pretreatment group as either adolescent saline, adolescent cocaine, adult saline or adult cocaine administration 3 weeks prior to microdialysis. A) DA levels in response to water and B) DA levels in response to 0.3 M sucrose. Adolescent rats pretreated with 20.0 mg/kg of cocaine have significantly higher DA levels in response to sucrose than those pretreated with saline during either adolescence or adulthood and those pretreated with cocaine as adults (p<0.05). Illustrates the amount of liquid that was consumed by rats for 20 min during microdialysis. Rats consumed significantly more water (Mean=12.1 ml) than sucrose solution (Mean=3.6 ml) ( p<0.05). There were no differences in the amount of water, or sucrose consumed based on drug pretreatment or age of pretreatment. Shows the body weight (g) of rats over the 4 days of limited access water. No differences in body weight were detected as a result of drug pretreatment and rats pretreated as adults weighed significantly more (Mean=387.1 g) than the adolescent pretreated rats (Mean=294 g) (p<0.05).
